This paper presents the finite element studies on free vibration of isotropic and laminated composite cylindrical skew panels. The analysis is performed using CQUAD4 and CQUAD8 elements of MSC/NASTRAN. The effects of the panel angle, skew angle, aspect ratio and length-to-thickness-ratio on fundamental frequency of isotropic cylindrical skew panels are studied. The effects of additional parameters such as the fiber orientation angle, numbers of layers and stacking sequence on the fundamental frequency of antisymmetric composite laminates are also studied. It is found that the CQUAD8 element yields better results than the CQUAD4 element in the validation and convergence studies. The CQUAD8 element is employed for the remaining part of the studies. The fundamental frequencies are found to increase with the panel angle and skew angle. When the number of layers in the laminate is large, the variation of the fundamental frequency with the number of layers is not appreciable. The boundary conditions are found to have a significant influence on the fundamental frequency.
Introduction
The skew or oblique cylindrical panels find wide application in the aircraft and spaceship industry. Few studies have been made on such panels. A great need exists for an extensive study on free vibration of skew cylindrical panels and the present work is one attempt in that direction. Kandasamy and Singh (2006) presented a numerical investigation of free vibration of skewed open cylindrical isotropic shells. First-order shear deformation and rotary inertia were included in the formulation. Thin and moderately thick shells were studied. Salil Haldar (2008) used a triangular shallow shell element for the free vibration analysis of laminated composite skewed cylindrical shell panels. Gulshan Taj and Chakrabarti (2013) studied the dynamic response of a functionally graded skew shell using a C o finite element formulation. Numerical results were presented for cylindrical, spherical and hyper shells for different boundary conditions and skew angles. The present investigation deals with the free vibration studies on isotropic and laminated composite cylindrical skew panels using the CQUAD8 finite element of MSC/NASTRAN. The effects of the skew angle, panel angle, fiber orientation angle, number of layers in the laminate, laminate sequence and boundary conditions on the fundamental frequencies of cylindrical skew panels are investigated.
Validation and convergence studies
The geometries of the regular cylindrical panel and skew cylindrical panel with dimensions are shown in Fig.1 . Figure 2 illustrates a cylindrical skew panel with global and local coordinate systems and u and v are the displacement components in the x and y directions, respectively. Since u and v are inclined to the skew edges, the displacement boundary conditions cannot be applied directly. In order to overcome this, a local coordinate system (x‫,׳‬ y‫)׳‬ normal and tangential to the skew edges is chosen. Fig.1 . The geometry of skew cylindrical panels with dimensions. Fig.2 . Global and local coordinate systems for cylindrical skew panels used in the finite element analysis.
Validation check
The validation for the CQUAD4 and CQUAD8 finite elements of MSC/NASTRAN has been made by comparing the non-dimensional fundamental frequency coefficient (K f ) values obtained with those of the literature. The same is presented in Tab.1 for the isotropic cylindrical skew panel. 
Convergence study
To arrive at the optimum number of elements to be used in the finite element mesh for analysis, a convergence study has been undertaken. It has been performed on simply supported (S-S-S-S) (S3) (Jones, 1975) and clamped (C-C-C-C) (C2) (Jones, 1975) 
Results and discussion
The results of analysis are presented in the form of a non-dimensional fundamental frequency
for isotropic and
for laminated composite cylindrical skew panels for the following cases: a) simply supported and clamped isotropic skew panels and b) simply supported and clamped antisymmetric angle-ply laminates.
Simply supported and clamped isotropic cylindrical skew panels
Numerical studies have been made for a number of skew panels with different aspect ratios, skew angles, and length-thickness ratio with simply supported and clamped boundary conditions. The results obtained are tabulated in Tab 
Antisymmetric cylindrical skew panels a) Simply supported boundary condition
The variations of the fundamental frequency coefficient (K f ) with the skew angle (α), fiber orientation angle (θ) and number of layers (NL) for antisymmetric angle-ply cylindrical skew laminates under S3 boundary conditions [Refer (Jones, 1975) for definition of S3 boundary conditions] are presented in o . For NL = 2, K f initially decreases and varies later as shown in the figures. The increase in K f with NL for NL greater than 10 is not appreciable. The boundary condition has a significant influence on the natural frequency, the clamped condition yielding a higher value compared with the simply supported condition. 
b) Clamped boundary condition

Conclusions
The following conclusions are made based on the above study of skew panels with simply supported and clamped boundary conditions.
Isotropic skew cylindrical panels
The aspect ratio, skew angle, panel angle, a/t ratio and boundary conditions have a considerable bearing on the value of the first natural frequency of the panel. K f increases as the skew angle α increases for constant values of a/b and a/t. K f increases as a/t decreases for constant values of the a/b ratio and skew angle.
Antisymmetric skew cylindrical panels
The skew angles, panel angle, fiber orientation angle, number of layers and boundary conditions have a bearing on the value of the first natural frequency of the panel. The increase in K f with an increase in NL beyond NL= 10 is not appreciable in all the cases. There is considerable difference in K f when NL=2 and NL ≥4. K f is observed to peak at a value of fibre orientation angle between 25 o and 30 o for skew angles up to 30 o (simply supported boundary condition). The boundary condition has a significant influence on the natural frequency, the clamped condition yielding a higher value than the simply supported condition.
